Evaluation of microbial water quality is commonly based on monitoring populations of fecal indicator organisms (FIO) such as Escherichia coli (EC) and enterococci (ENT). The occurrence of elevated FIO concentrations in surface waters after storm events is well documented and has been attributed to runoff and sediment resuspension. The reasons for FIO concentration variation under baseflow conditions are less clear. The objective of this study was to quantify the variability of EC and ENT in two small streams running through agricultural land use areas. FIO concentrations were measured at upstream and downstream locations under baseflow conditions. Concentrations were not significantly different along cross-sections of the streams. Diurnal concentration trends were observed at each of the sampling locations. Significant differences in concentrations between upstream and downstream locations were noted for both creeks during baseflow periods when no runoff or sediment resuspension occurred. A hypothetical explanation is that indicator organisms are released from sediments during baseflow conditions due to the effect of groundwater influx into streams or due to the motility of indicator organisms. If confirmed, this hypothesis may affect our understanding of the role of sediments in the microbial quality of surface waters.
INTRODUCTION
were associated with pathogens known to be present in feces (Hlavsa et al. ) . It is expected that water and foodborne-related illness will become more prevalent in the coming years as climate change occurs and enhances pathogen transport and survival in the environment (Karl et al. ) . It is therefore imperative to gain a better understanding of the fate and transport of fecal pathogens in the environment in order to minimize economic and human health risks.
that are easier to detect and enumerate than their pathogenic counterparts (Indest ) . Additional characteristics of FIO are that they are usually found wherever enteric pathogens are present, are useful for all types of water and survive longer than hardy enterobacterial pathogens (Bitton ) . The most common FIO are Escherichia coli (EC) and enterococci (ENT), which are primarily used for freshwater and marine waters, respectively, although they are often used in conjunction for many water, soil, and sedi- Smaller creeks and streams are typically viable sources for farmers when drawing water for produce irrigation and are often the center of recreational areas, and thus it is imperative to gain a better understanding of the nature of these waterways as it applies to recreational water and food safety.
The objective of this study was to observe and compare the spatio-temporal variability of two creeks having different upstream land-use, and both flowing through agricultural land use areas. Approximately 400 mL of each grab sample was transferred to a sterile Whirl-Pak bag for transport to the laboratory.
MATERIALS AND METHODS

Locations and land use
Samples were kept on ice and shielded from light until being processed within 1 hour of collection. determined using P (same) as P < 0.05. The hypothesis of the equality of concentrations across creeks at the same sampling position was tested with the Friedman test.
Physiochemical measurements
RESULTS
Physicochemical characteristics
LPBC had consistently higher water temperatures than BDCT that were on average 4. Table 2 shows Wilcoxon signed rank test P values generated when comparing spatial variation at the two creeks used in this study. EC spatial variation differed the least of the three organism types; there were no statistical differences in LPBC at any sampling time, while BDCT EC concentrations differed statistically in half of the cases. Significant differences in TC concentrations were consistent in the LPBC at baseflow conditions at all sampling times. ENT showed the most consistency in spatial variation in that all baseflow observations for different sampling times were significantly different. In almost all cases, concentrations were greater after passing through agricultural land use zones than they were at reach inlets. ENT populations were greater in LPBC in 6 out of 10 of the sampling days. Although the daily population means in each stream were found to be higher or lower than one another on certain days throughout the experiment, none of these differences were significant (data not shown).
Temporal variation of indicator organisms
In almost all cases time of day did not play a significant factor in population means of the three studied organism groups (Table 3 ). The three exceptions were TCs during baseflow and ENT during storm and base flow in the up and down sections of LPBC, respectively. The upstream ENT populations were also largely different; however, these values were not significant. ANOVA results can be seen in Table 3 . While in most instances population differences were not significant (P > 0.05), in many cases P values were low indicating populations were largely different. Some diurnal trends can be seen in the data with higher concentrations in the morning hours and a gradual decrease as the day goes on (Figure 3 (a) and 3(b)). In both creeks, TCs exhibited a trend of greatest concentrations in the morning followed by a decrease in the afternoon and a further reduction by the evening sampling time. ENT behaved in the same manner for all but the site 2 downstream location in which the inverse trend of lowest in the morning to highest in the afternoon was observed.
EC displayed no discernible diurnal trend and experienced site-specific concentration changes throughout the day at each sampling site.
The relative spatial and temporal variability between the three different FIO groups in both streams demonstrated a similar pattern. The coefficient of variation (CV) during baseflow conditions for both TCs and ENT was around 50% (Table 4 ). This is in stark contrast to EC concentrations Median group value significantly greater after agricultural land use. Significant differences (P ¼ <0.05) are marked in bold. 
Rainfall events
Rainfall events occurred on the 1st, 4th, 6th, and 9th sampling days (Figure 3 Additionally, the high variability of EC concentrations (Table 4) Water for the USEPA concludes that when culture methods are used for indicator bacteria enumeration, the highest densities will be observed at least until 8 am with the lowest concentrations occurring between 2 and 3 pm dependent on insolation at any given site or day (USEPA ).
Concentrations of ENT and TCs in LPBC and BDCT
were found to strongly correlate according to Spearman's Rho, which indicates that these two organism groups have similar hourly population dynamics in the two observed creeks. The parallel diurnal changes of concentrations could be due to similar solar irradiance because of the proximity of the two creeks to one another. EC concentrations between the two creeks weakly correlated. This may be due to the finding that LPBC creek has greater EC concentrations than BDCT, and may be subjected to more dynamic inputs of fecal contamination that act to mask diurnal trends. The relative variation of EC concentrations was roughly double that of TCs and ENT (Table 4) 
CONCLUSIONS
The monitoring study carried out at two creeks running through agricultural arable lands showed that turbidity and precipitation events were the strongest covariates for bacterial concentrations whereas temperature, pH, and solar radiation were poorly correlated with indicator bacteria concentrations. Cross-sectional creek variability of indicator organism concentrations was not significant. Diurnal concentration variation was found to be minimal in the present study. Waters downstream of agricultural areas generally had higher mean indicator concentrations than upstream locations during baseflow conditions. As the sediment-water column exchange processes appear to be a probable reason for that, future research is needed to better understand and quantify the effect of hyporheic exchange on indicator concentrations in surface waters.
